Objective: The aim of this study was to explore the association between exposure to specific pesticides (including endocrine disrupters) of greenhouse workers and spontaneous abortion in their spouses.
Introduction
There is growing evidence that environmental exposures contribute to reproductive damage (1) . The hypothesis of a possible association between exposure to specific pesticides or groups of pesticides and alteration of the male reproductive system is supported by experimental data (2) (3) (4) . Several pesticides are known to affect endocrine homeostasis in experimental studies in vivo through receptor-mediated oestrogenic or antiandrogenic activities, and through enzyme (e.g., aromatase) inhibition (5) . Some of these chemicals, for example chlorinated compounds, are of particular concern because they persist in the environment and may bioaccumulate (6, 7) . These substances, named endocrine disrupters (ED), may pose a particular risk during the early developmental stages inducing severe reproductive impairment such as genital tract malformations and persistent functional disorders. In adults, exposure to ED may reduce fertility and cause other adverse health effects, even though more evidence is required to support these hypotheses (8) . In addition to ED, other pesticides may act through other mechanisms; for example, benzimidazole fungicides inhibit tubulin polymerization, thus exerting a direct cytostatic effect on male germ cells (4) .
After the well documented reproductive toxicity of DBCP (9), the issue of the role of pesticides on human reproduction has been explored in several epidemiological studies. Increased conception delay has been observed in couples where the male partners worked in agriculture and were exposed to pesticides (10, 11) . A study conducted in Ontario, Canada, among female farmers revealed that the risk of spontaneous abortion was increased in particular by the use of specific active ingredients such as phenoxy-acetic acid herbicides, thiocarbammates and triazines (12) . Nevertheless, the available data are insufficient to characterize the risk for female reproductive health induced by agrochemicals affecting sperm quality and integrity.
The aim of this study was to address the question whether the continuous exposure to pesticides in greenhouse workers can be responsible for adverse reproductive effects such as an increased risk of spontaneous abortion in their spouses.
Methods
The present cross-sectional study is based on data obtained by interview from the workers of greenhouses in southern Italy during the year 2000.
Eligibility criteria for participation included age 20-55 years and marriage or stable partnership for at least two years. We interviewed 209 married greenhouse workers. Those with no pregnancies (25 subjects) were not included in the analysis. Information was therefore analysed for 184 greenhouse workers.
The workers provided data regarding age, education, occupation, occupational exposure to certain pesticides or pesticide groups, smoking habits and health status, in addition to questions concerning the respondent's spouse, i.e., age, education, occupation, smoking habits and health status, including a complete reproductive history of the spouse. For each pregnancy reported, we collected data on the work and domestic exposures of each partner during the pregnancy and in the months preceding it. The present analysis is based on the first pregnancy of each couple in order to have independent observations.
Exposure to pesticides was ascertained by questions on the use of some active ingredients at the time of the first pregnancy of the workers wives. Using a checklist, we asked greenhouse workers whether they were exposed to at least one of the active ingredients listed. Compounds were selected on the basis of experimental evidence as being either ED or otherwise affecting male and/or female reproduction and included: atrazine, benomyl, carbaryl, carbendazim, dinoseb, lindane, methoxychlor, procymidone, simazine and vinclozolin. The greenhouse workers who, at the time of the first pregnancy, were not using any of the chemicals listed were considered as the reference group. On the basis of the responses, 48 greenhouse workers were considered exposed to pesticides at first pregnancy of their spouses and 136 non-exposed ( Table 1) .
The risk of spontaneous abortion was evaluated by a logistic regression model controlling for the potential confounding due to partners' age, smoking habits, educational level, the spouse's occupation in agriculture, and the time that elapsed between the first pregnancy and the interview.
Results
Out of the list of ten chemicals, the use of five was reported by these workers. In particular, in the 48 exposed workers 30 reported exposure to benomyl and 6 to the closely related carbendazim. Among them we observed 5 spontaneous abortions (13.9%). Thirty-one workers reported exposure to carbaryl; of these 4 experienced spontaneous abortions (12.9%). DDT was reported by 11 workers with 3 cases of abortion (27.3%). Two workers exposed to atrazine reported no abortion. In all there were 7 cases of spontaneous abortion among the exposed (14.6%), and 6 cases among the non-exposed (4.4%). Table 1 shows the other characteristics of interest of the two groups. The two groups were different with respect to the abortion rate and to the male partner's educational level and the differences are significant. No significant differences were observed with respect to the other characteristics of the two groups. The time that elapsed between the interview and the first pregnancy was also similar in the two groups. However, since all these may be confounding factors for spontaneous abortion, all the above variables were entered in the logistic regression for estimating the adjusted odds ratios. Table 2 shows the crude and the adjusted odds ratio obtained by the logistic regression model. The crude OR for spontaneous abortion was 3.7 (95% CI 1.2-11.7), while the OR adjusted for age, smoking habit and education of both partners and for spouse's type of work and time between the pregnancy outcome and the interview, was 11.8 (95% CI 2.3-59.6). The only other risk factor associated with spontaneous abortion was the smoking of the mother (adjusted OR 9.2, 95% CI 1.2-68.7).
Discussion
Environmental factors may adversely affect human reproduction through either direct tissue toxicity or endocrinemediated mechanisms (13) . However, sufficient evidence is not available to assess the possible effects on female reproduction mediated through the exposure of the male partner (14) .
Toxicological studies in rodents showed that the five compounds for which exposure has been reported in the present study may affect reproductive function through different mechanisms. The chloro-S-triazine herbicides, such as atrazine, may disrupt the hypothalamic-pituitary-gonadal axis, thus altering endocrine homeostasis in both genders (15) . DDT, in addition to being a persistent and bioaccumulating pollutant, is an estrogen agonist, while DDE, a major metabolite, is an antiandrogen (7) . Both compounds may affect male reproduction; moreover increased levels of DDE in serum were associ- ated with increased risk of miscarriage in a recent case-control study of Chinese women working in the textile industry (16) . Other compounds may directly affect spermatogenesis such as the benzimidazole fungicides benomyl and carbendazim; these chemicals impair cellular division and also induce postimplantation loss through embryonic damage (4, 17) . Carbaryl is another testicular toxicant which both reduces sperm production and increases the rate of abnormal sperm, although the mechanisms have yet to be clarified (2) .
Experimental findings lend support to the biological plausibility that male exposure to specific contaminants, including pesticides, increase the risk of miscarriage. In fact, embryonic death may be induced by paternal exposure to compounds affecting genomic expression and/or protein synthesis, e.g., lead (18) ; moreover, hormonally active compounds may also impair the integrity of the male germ cell (3, 19) .
The present observations that wives of greenhouse workers showed an increased risk for spontaneous abortion is consistent with previous findings. Indian male cotton field workers applying organochlorine and organophosphorous pesticides without protective equipment had a significant increased risk in spontaneous abortion and stillbirths of their wives (20) . In Spain, male greenhouse workers with daily exposure to a multitude of pesticides (including most of those recorded in our study) showed an elevated risk of spontaneous abortion (RR=3.14, 95% CI 1.25, 7.88) of their wives (21) . In the Ontario Farm Family Health Study, an increased risk of miscarriage was associated with the use of thiocarbammates (RR=1.9, 95% CI 1.1, 3.3), carbaryl (RR=1.9, 95% CI 1.1, 3.1) and the generic use of herbicides (RR=1.4, 95% CI 1.0, 2.0) and insecticides (RR=1.6, 95% CI 1.1, 2.4) (22) . A more detailed analysis of the timing of paternal exposure showed that male preconception exposure to phenoxyherbicides was particularly associated with early (<12 weeks) spontaneous abortion (RR=2.5, 95% CI 1.0, 6.4). Since the majority of early abortions also have gross chromosomal anomalies, the authors suggested that exposure to phenoxyherbicides may be responsible for a genetic effect on paternal gametes, rather than a direct effect on the embryo (23) .
The size of the present study does not permit more detailed analysis of the timing of the exposure or of the role of single product used in association with the risk of spontaneous abortion. Overall the unadjusted odds ratio observed among the greenhouse workers was 3.7 (95% CI 1.2, 11.7) and the adjusted 11.8 (95% CI 2.3, 59.6). The high odds ratio may be attributable in part to the low abortion rate among the nonexposed workers (4.4% versus 14.6% in the exposed). Considering, however, that the abortion rate of first pregnancies in the general population in Italy has been estimated to be 6.7% (24) , the rate observed among the exposed greenhouse workers appears comparatively high.
The present findings, however, must be considered with caution, especially because of the small sample size which reduces the precision of the estimated risk. Moreover, we cannot exclude that recall bias might have contributed to the high OR. Finally, the reported exposure to DDT is somewhat surprising considering that this product was banned several decades ago. This might prompt the attention to the possible persistent use of outlawed, toxic chemicals in some agricultural settings.
In conclusion, the present results offer additional evidence in support of the hypothesis of an association between reproductive problems and male occupational exposure to ED agrochemicals. Nevertheless, additional epidemiological studies are needed to further characterize the risks; in particular, ED deserve attention because of their complex mechanism affecting human reproduction and their potentially long-lasting impact on reproductive health.
